The POU domain transcription factor, Oct-2, is essential for the B cell-specific expression of CD36 in mouse B cells. In order to determine how Oct-2 mediates expression of CD36 in B cells, we cloned and analysed the mouse CD36 promoter. In contrast to the human CD36 promoter, the mouse promoter contains a consensus octamer element of the type ATGCTAAT. This octamer element can be bound by either Oct-1 or Oct-2 but requires the expression of Oct-2 to activate transcription in B cells. Mutation of the octamer element renders the CD36 promoter refractory to activation by Oct-2. Furthermore, we demonstrate that the CD36 octamer element does not support recruitment of the B cell-specific co-activator OBF-1 and that CD36 expression is unaffected in primary B cells derived from obf-1 -/-mice. We conclude that Oct-2 activates CD36 gene expression in mouse B cells via the octamer element in the promoter. Our data also demonstrate that CD36 is the first example of an Oct-2-dependent gene whose expression in B cells is independent of OBF-1. These findings support the notion that Oct-2 regulates gene transcription by both OBF-1-dependent and -independent mechanisms.
INTRODUCTION
The octamer motif ATGC(A/T)AAT is a conserved DNA element found in the promoters and enhancers of a diverse range of genes (reviewed in [1] [2] [3] . Genes that are transcriptionally regulated by octamer motifs can be either ubiquitously expressed or cell type specific. For example, the octamer motif is required for the ubiquitous expression of the small nuclear RNA (snRNA) genes, the cell cycle regulation of the histone H2B gene and the B cell-specific expression of immunoglobulin (Ig) genes (reviewed in [1] [2] [3] [4] . The ability of the octamer motif to differentially regulate transcription is determined by the octamer binding proteins Oct-1 and Oct-2 (reviewed in 1-4). Oct-1 and Oct-2 are members of the POU domain family of transcription factors (reviewed in 2 and 3). The POU domain is a conserved bipartite DNA-binding domain consisting of two subdomains: a POU-specific domain (POU S ) and a homedomain (POU H ), separated by a flexible linker.
Oct-1 is ubiquitously expressed whereas Oct-2 expression is restricted to a small number of cell types, including B cells (reviewed in 1; 4-6). The differential expression of some octamer-dependent genes can be explained partly by the interaction between octamer-binding proteins and promoter-selective co-activators that are themselves either cell type specific or ubiquitous. In the case of snRNA genes, ubiquitous expression is achieved by the association of Oct-1 with the SNAP c complex (7) . B cell-restricted expression of Ig genes requires association of the B cell-specific co-activator OBF-1/OCA-B/ Bob-1 (referred to here as OBF-1) with either Oct-1 or Oct-2 (8) (9) (10) (11) (12) . Interaction of OBF-1 with Oct-1 or Oct-2 is mediated by direct contacts with their POU domains (9) (10) (11) (12) (13) (14) (15) (16) . However, the formation of a stable complex is also determined by the specific sequence of the octamer element, suggesting that OBF-1 targets a subset of octamer-regulated genes (13) (14) (15) (16) . In obf-1 -/-mice the two most obvious defects are the absence of germinal centres and a profound deficiency in serum Ig of secondary isotypes (17, 18) .
The presence of Oct-1 in cell types that do not express Oct-2 suggests that Oct-1 determines the transcriptional activation of octamer-dependent genes in these cells. However, in B cells, where both Oct-1 and Oct-2 are present, it is not clear how each of these transcription factors targets individual octamerdependent genes. Analysis of B cells in Oct-2-deficient mice demonstrated that whilst Oct-2 was dispensable for the antigen-independent phase of B cell differentiation, it was required for antigen-dependent differentiation and proliferation (19, 20) . These observations suggest that there are genes whose transcription cannot be activated by Oct-1 but which are critically dependent upon Oct-2. Analysis of the regulatory elements in Oct-2-specific genes should therefore reveal how Oct-2 can regulate genes that Oct-1 cannot.
The first bona fide Oct-2 target gene to be identified encodes the scavenger receptor, CD36. CD36 is expressed in a number of cell types in both humans and mice, including monocytes/ macrophages, platelets and adipocytes (21, 22) . However, CD36 expression in B cells appears to be specific to mice (21) . Nevertheless, the expression of CD36 in mouse B cells is critically dependent upon Oct-2, and is therefore an ideal model to investigate Oct-2-specific transcriptional regulation in B cells (21) . The human CD36 promoter has been characterized and, consistent with the lack of expression of CD36 in human B cells, does not contain recognisable octamer elements (23, 24) . The promoter of the mouse CD36 gene has not been characterised previously and the mechanism by which Oct-2 regulates CD36 expression in mouse B cells remains to be elucidated. Moreover, of the small number of additional Oct-2 target genes that have since been identified, only the crisp-3 and blr1 promoters have been investigated (25, 26) . Two low-affinity octamer sites in the crisp-3 promoter mediate Oct-2-specific transcription of the crisp-3 gene, whereas a single non-consensus octamer mediates the Oct-2-dependent transcriptional activation of the blr1 gene (25, 26) .
In order to determine how Oct-2 mediates expression of CD36 in B cells, we cloned and analysed the mouse CD36 promoter. In contrast to the human CD36 promoter, the mouse promoter contains a consensus octamer element of the type ATGCTAAT. This octamer element can be bound by either Oct-1 or Oct-2 but requires the expression of Oct-2 to activate transcription in B cells. Mutation of the octamer element renders the CD36 promoter refractory to activation by Oct-2. Furthermore, we demonstrate that the CD36 octamer element does not support recruitment of OBF-1 and that CD36 expression is unaffected in primary B cells derived from obf-1 -/-mice. We conclude that Oct-2 activates CD36 gene expression in mouse B cells via the octamer element in the promoter. Our data also demonstrate that CD36 is the first example of an Oct-2-dependent gene whose expression in B cells is independent of OBF-1. These findings support the notion that Oct-2 regulates gene transcription by both OBF-1-dependent and -independent mechanisms.
MATERIALS AND METHODS

Cloning of the mouse CD36 promoter
The mouse CD36 promoter sequence was cloned using the mouse Promoter Finder DNA Walking kit according to the manufacturer's instructions (Clontech). PCRs were carried out using CD36-specific primers corresponding to the 5′ region of the published cDNA sequence (27) and the supplied adapter primers. The sequences of the gene-specific primers were CD36GSP1, 5′-ACCATCCACCAGTTGCTCCACACATT-TCAG-3′ and CD36GSP2, 5′-GGCAGCTGTGAAGAAGAA-AAAGTCCTCAGT-3′. A single ∼600 bp PCR product from the secondary reactions was ligated directly into the T-vector pT7blue (Novagen). Nine of the clones were sequenced and found to have identity with the published human CD36 promoter (27) . One of these clones was subsequently used as a probe to obtain larger genomic clones from a 129/Sv mouse genomic library in Lambda FIX II (Stratagene) using standard hybridisation protocols (28) . A single positive genomic clone of ∼19 kb was obtained and partially sequenced by the dideoxy chain termination method. The presence of DNA matching the published mouse CD36 cDNA was confirmed by a BLAST search of the NCBI sequence database. DNA sequence alignment was done using Align Plus 4 software.
Plasmid constructs
An ∼2.6 kb EcoRI fragment from the mouse CD36 genomic clone that contains the region with homology to the human CD36 promoter (see Fig. 1 ), and extends ∼2.3 kb further upstream, was ligated into pBluescript II KS (Stratagene) to produce pBS2.6CD36. The CD36 promoter reporter plasmid, pGLCD36, was constructed by PCR amplification of the region spanning -615 to +20 bp (primers 5′-GATCGAGCTC-TATAAGCATATCACCATC-3′; 5′-GATCAAGCTTGAAT-TCCTCACTACTTATGT-3′). The PCR product was ligated into the SacI and HindIII sites of pGL2-Basic (Promega) to produce the plasmid pGLCD36. The octamer site in pGLCD36 was mutated using a two-step PCR protocol as described previously (29) . The octamer was mutated using the primers 5′-GATCGAGCTCTATAAGCATATCACCATC-3′ and the mutagenic primer 5′-TTAAAAAATTCAATGTCAGCGGC-GAATTTGTGGTAGGTTGCCAA-3′ in the first round PCR and 5′-GATCCAAGCTTGAATTCCTCACTACTTATGT-3′ in the second round. The subsequent PCR product was ligated into the SacI and HindIII sites of pGL2-Basic to produce pGLCD36mOct. The sequence encoding the POU domain of Oct-2 (30) was amplified by PCR using the primers 5′-GATCGGATCCCCGGAGGAGCCCAGCGATCTG-3′ and 5′-GATCGAATTCATCACGCACTGCAAGGGTTGAT-3′ and ligated into the BamHI and EcoRI sites of pGEX-2TK (Pharmacia Biotech) to produce the plasmid pGEXPOU-2, which encodes the POU domain of Oct-2. The sequences of constructs generated by PCR were verified by automated dideoxy sequencing.
Proteins
The POU domain of Oct-2 was expressed in Escherichia coli as a fusion protein with glutathione S-transferase from the plasmid pGEXPOU-2. The proteins were purified as described previously for the Elk-1 ETS domain (31) . Oct-1, Oct-2 and OBF-1 were produced by coupled transcription-translation using TNT rabbit reticulocyte lysates (Promega) from plasmids pHA-Oct-1, pHA-Oct-2 (32) and pCATCH-Bob1 (10), respectively. Nuclear extracts from cell lines were prepared as described previously (33) .
Cell culture, cell transfection and reporter assays
B cell lines Abl1.1, Abl/Oct-2-ER (kindly provided by T. Wirth, Universität Würzburg, Germany) and WEHI231 were grown in standard conditions (21) and transfected with 10-20 µg of plasmid using the DEAE/Dextran method (34). Abl1.1 and Abl/Oct-2-ER cells were stimulated with β-estradiol as described previously (21) .
For luciferase assays, cells were harvested 24 h after transfection, lysed with reporter lysis buffer and the enzyme activity determined using the luciferase assay system according to the manufacturer's recommendations (Promega). Transfection of the B cell lines was performed in duplicate or triplicate and normalised for total cellular protein using the Bradford assay reagent (Bio-Rad). β-Estradiol-stimulated and -unstimulated cultures were derived from the same transfection by dividing the culture into two, 8 h after transfection. An equal amount of protein from each culture was used in the luciferase assay 18 h after stimulation. Northern blot analysis was performed by hybridisation using the CD36 cDNA according to standard protocols (27, 28) .
Gel retardation assays
Gel retardation assays were performed as described previously (33) . Synthetic oligonucleotides were radiolabelled by incorporation of [α-32 P]dATP or [α-32 P]dCTP using the Klenow fragment of DNA polymerase I according to standard protocols (28) . The following pairs of complimentary oligonucleotides were used to make radiolabelled probes: CD36, 5′-GATCAATTCAATGTCAGATGCTAATTTGTGGTAGGT-TG-3′ and 5′-GATCCAACCTACCACAAATTAGCATCT-GACATTGAATT-3′; CD36mOct, 5′-GATCAATTCAATGT-CAGCGGCGAATTTGTGGTAGGTTG-3′ and 5′-GATCC-AACCTACCACAAATTCGCCGCTGACATTGAATT-3′; CD36 Oct, 5′-CTAGCAAATTAGCATCTG-3′ and 5′-CTAG-CAGATGCTAATTTG-3′; IgK Oct, 5′-CAGTGGGTAT-GCAAATTATT-3′ and 5′-CAGTAATAATTTGCATACCC-3′ (13); V H Oct, 5′-GATCCTTAATAATTTGCATACCCTCA-3′ and 5′-GATCTGAGGGTATGCAAATTATTAAG-3′ (35) .
All DNA-binding sites were purified on 10% non-denaturing polyacrylamide gels. In standard reactions, proteins and labelled DNA were incubated in a total of 10 or 12 µl volumes. Reactions were incubated at room temperature for 20 min prior to loading onto a 5% non-denaturing polyacrylamide gel. Gels were fixed, dried and visualised by autoradiography.
RT-PCR
Spleen cell suspensions were prepared from mice bearing mutations in the obf-1 gene (18), or from RAG-1-deficient mice reconstituted with oct-2 +/+ or oct-2 -/-fetal liver (19, 20) . The cells were cultured for 16 h in the presence of 10 µg/ml lipopolysaccharide (LPS), after which B cells (B220 + ) were harvested by sorting on a MoFlo cell sorter (Cytomation, Inc.). Cytoplasmic RNA was prepared and first-strand cDNA synthesised according to the manufacturer's instructions (Pharmacia Biotech). Template cDNAs were titrated using serial dilutions and a β-actin-specific PCR (primers 5′-GT-GGGCCGCTCTAGGCACCAA-3′; 5′-CTCTTTGATGTCA-CGCACGATTTC-3′), with 25 cycles (94°C for 1 min, 55°C for 1 min, 72°C for 1 min). Dilutions giving equivalent levels of β-actin product were used in PCR assays for either CD36 (primers 5′-GGATCTGAAATCGACCTTAAAG-3′; 5′-TAG-CTGGCTTGACCAATATGTT-3′), Oct-2 (primers 5′-CCCG-GGCTGGGCTTCCTACACAG-3′; 5′-GTAGCTGGTCGGC-TTTCCCGGGCT-3′) or OBF-1 (primers 5′-CGGTGTTGAC-CTATGCTTCTCCACC-3′; 5′-GAGGGGCGCCTGGTGCT-CGGGACCC-3′). The CD36 PCR was done using the β-actin programme. The annealing temperature for the Oct-2 and OBF-1 reactions was 70°C. Reaction products were resolved on agarose gels, transferred to filters and probed with the corresponding cDNAs according to standard protocols (28) .
5′-RACE
5′-RACE was performed using the SMART RACE cDNA amplification kit according to the protocol provided. The RNA was total RNA from LPS-stimulated splenocytes from C57BL/6 mice. The CD36 gene-specific primers were 5′-CCAG-TTGCTCCACACATTTCAGAAGGCAGC-3′ and 5′-CCTTTG-AAAGGCTAGGAAACCATCCACCAGTTGC-3′. After the secondary PCR reaction, there was a single band on the gel of ∼150 bp. This was purified and ligated directly into pGEM-T Easy (Promega). Twelve clones were sequenced, and all revealed initiation sites at one of two positions; seven at the 5′-most A, and five at the 3′-most A (Fig. 1A) .
RESULTS
Cloning of the mouse CD36 promoter
The CD36 gene was identified as an Oct-2-regulated gene by subtractive cDNA cloning (21) . However, the sequence of the mouse promoter has not been reported and the molecular basis of Oct-2-dependent CD36 expression has not been elucidated. We therefore used the published sequence of the mouse CD36 cDNA to design PCR primers to amplify genomic DNA upstream of the start of the known cDNA sequence (27) . The sequence of this fragment was determined and found to have identity with the human CD36 promoter (23) . This PCR-derived genomic DNA fragment was used as a probe to obtain larger clones from a mouse genomic library. Restriction mapping and partial sequencing revealed that a single clone contained a 19 kb genomic fragment extending ∼3.5 kb upstream from the cDNA sequence (data not shown). The region upstream of the cDNA was sequenced and aligned with the reported human CD36 promoter (Fig. 1A) . The transcription start sites in mouse primary B cells were determined by 5′-RACE. After the secondary PCR, there was a single band of ∼150 bp (Fig. 1B) . Cloning and sequencing of 12 individual 5′-RACE products revealed initiation sites at one of the two positions indicated (Fig. 1B) .
The human and mouse sequences are 62% identical and several transcription factor-binding sites are conserved (Fig. 1A) . The CAAT box is conserved and there is a TATA element appropriately positioned with respect to the transcription start sites. The two NF1 sites and the AML-1 site identified previously in the human promoter are also conserved (23, 24) . In addition, the DR-1 element, which binds the PPARγ:RXRα complex, is perfectly conserved (36) . The most striking difference is the presence of a consensus octamer element in the mouse promoter from -39 to -46 bp with respect to the 5′-most start site. This element is not conserved in the human promoter (Fig. 1) . We therefore postulated that the presence of this octamer site in the mouse CD36 promoter determines the Oct-2-dependent expression of CD36 in mouse B cells.
Oct-1 and Oct-2 bind to the CD36 promoter
Gel retardation assays were used to establish if Oct-1 or Oct-2 is able to bind to the CD36 octamer element. A doublestranded oligonucleotide encompassing -58 to -26 bp of the mouse CD36 promoter (CD36) was used as a probe. When incubated with recombinant in vitro translated Oct-1 or Oct-2, specific retarded complexes were observed ( Fig. 2A) . Both Oct-1 and Oct-2 formed complexes with the CD36 probe ( Fig. 2A, lanes 2 and 3) . When Oct-1 or Oct-2 was incubated with the analogous probe containing a mutated octamer site (CD36mOct), no specific complexes were observed ( Fig. 2A,  lanes 5 and 6) . Binding of Oct-1 and Oct-2 to the consensus octamer sequence (V H Oct) is also shown (Fig. 2A, lanes 8 and  9) . The results demonstrate that both Oct-1 and Oct-2 are able to bind specifically to the octamer site in the CD36 promoter.
It is well established that when B cell nuclear extracts are incubated with an octamer element only complexes containing Oct-1 and Oct-2 are observed (1-6). We therefore performed a competition analysis to test the ability of the CD36 octamer (CD36 Oct) to abolish Oct-1-and Oct-2-specific complexes that form on the known octamer site from the IgK enhancer (Fig. 2B) . When nuclear extracts from the B cell line WEHI231 were incubated with the IgK octamer in the absence of competitor DNA, both Oct-1-and Oct-2-specific complexes were observed (Fig. 2B, lane 1) . In the presence of 100-fold molar excess of CD36 octamer both complexes were abolished.
In contrast, both complexes were unaffected by the presence of mutated CD36 octamer DNA (Fig. 2B, lane 2) . When the CD36 octamer DNA was used as a radiolabelled probe, two complexes were also observed that were completely abolished in the presence of excess IgK Oct competitor DNA (Fig. 2C,  lanes 1 and 4) . In contrast, competition with the mutated CD36 octamer DNA did not abolish binding. Taken together, the results clearly indicate that the octamer element in the CD36 promoter can be bound by endogenous Oct-1 and Oct-2.
To establish unequivocally that endogenous Oct-2 is able to bind to the CD36 octamer, supershift analysis using an Oct-2-specific antibody was performed. In the presence of an Oct-2-specific antibody the lower mobility complex was abolished and an additional supershifted complex appeared (Fig. 2C, lane  6) . Addition of serum alone did not abolish the Oct-2 complex nor produce a supershifted complex (Fig. 2C, lane 5) . The results demonstrate clearly that endogenous Oct-2 can bind to the octamer element in the CD36 promoter.
Oct-2 activates the CD36 promoter in B cells
To investigate the ability of Oct-2 to activate CD36 transcription the CD36 promoter was ligated upstream of the luciferase cDNA in the reporter plasmid pGL2-B to produce pGLCD36. In order to examine the role of Oct-2 in regulating the B cell expression of CD36 we used the pre-B cell line Abl/Oct-2-ER (21). This cell line was derived from the mouse oct-2 -/-pre-B cell line Abl1.1 by stable transfection of a construct expressing Oct-2 fused to the hormone-binding domain of the human estrogen receptor (21) . The specific effect of Oct-2 in a B cell can therefore be determined by the addition of β-estradiol (21) . Indeed, the endogenous transcription of the CD36 gene in this cell line is dependent upon β-estradiol activation of Oct-2 ( Fig. 3A) (21) . Abl1.1 and Abl1.1/Oct-2-ER cells were transfected with the CD36 reporter plasmid pGLCD36 (Fig. 3B) . After transfection, the cells were divided into two separate cultures and one was stimulated by the addition of β-estradiol. In the oct-2 -/-cells, addition of β-estradiol had no effect on the 2-4) . Lanes 5 and 6 contain serum and Oct-2-specific antibody, respectively. The identity of each of the complexes is indicated.
activity of the CD36 promoter (Fig. 3B, Abl1.1 ). In contrast, addition of β-estradiol to Abl/Oct-2-ER cells resulted in activation of the CD36 promoter (Fig. 3B, CD36 ). This is consistent with the activation of the endogenous CD36 gene as determined by northern blot analysis of mRNA (Fig. 3A) . To determine that the activation was dependent upon the octamer site, we introduced specific mutations that abolish Oct-2 binding to the octamer. When the octamer sequence was mutated, addition of β-estradiol almost totally blocked activation in Abl1.1/Oct-2-ER cells (Fig. 4, mOct) . The results demonstrate clearly that the octamer site in the CD36 promoter mediates its Oct-2-dependent activation.
Expression of CD36 in B cells requires Oct-2 but not OBF-1
OBF-1 activates transcription of octamer-containing promoters by binding directly to either Oct-1 or Oct-2 (8) (9) (10) (11) (12) (13) (14) (15) (16) . Previous studies have shown that OBF-1 recruitment is dependent upon the presence of adenosine at position five in the octamer sequence (ATGCAAAT) and that octamers with thymine at this position (ATGCTAAT) do not form a ternary complex with OBF-1 (13, 14) . The CD36 octamer is of the type ATGCTAAT, suggesting that it cannot support recruitment of OBF-1. We have demonstrated that both Oct-1 and Oct-2 can bind to the CD36 octamer element but that no significant transcriptional activity was detectable in oct-2 -/-B cells despite the high level of Oct-1 in these cells. Oct-1 is a weak activator of mRNA genes and therefore requires the presence of a co-activator to achieve efficient transcriptional activation (reviewed in 2). We therefore tested the ability of the CD36 octamer to form a ternary complex with OBF-1 in a gel retardation assay (Fig. 5A) . The Oct-2 POU domain was used in order to clearly resolve the ternary complex. OBF-1 forms a ternary complex with the Oct-2 POU domain on the V H Oct site (ATGCTAAAT) (Fig. 5A,  lane 3) . In contrast, when the CD36 octamer was used as a probe, OBF-1 did not form a ternary complex (Fig. 5A, lane 7) . This result demonstrates that OBF-1 is excluded from the CD36 promoter and is unlikely to participate in Oct-2 transcriptional activation of the CD36 gene. To confirm that CD36 expression in B cells is independent of OBF-1 expression, we investigated the expression of CD36 in mouse primary B cells. The requirement for OBF-1 was investigated by examining the expression of CD36 by RT-PCR using RNA from mature primary B cells derived from wild-type, oct-2 -/-and obf-1 -/-mice (Fig. 5B) . In agreement with a previous report, comparison of CD36 expression in the wild-type and oct-2 -/-cells clearly demonstrated the lack of CD36 expression in the oct-2 -/-cells (Fig. 5B, panel 2) (21) . In contrast, CD36 is expressed in obf-1 -/-splenic B cells to equivalent levels seen in the wildtype cells. Expression of OBF-1 is unaffected in oct-2 -/-B cells, suggesting that the lack of CD36 expression in oct-2 -/-cells is not due to the absence of OBF-1 ( Fig. 5B panel 2 ; compare OBF-1 -/-with oct-2 -/-). Taken together the data demonstrate that the Oct-2-dependent expression of CD36 in B cells is independent of the co-activator OBF-1.
DISCUSSION
Comparison of the mouse and human CD36 promoters
The conservation of transcription factor binding sites in the human and mouse CD36 promoters suggests that they are likely to be important in the regulation of CD36 gene expression in both mice and humans. The perfect conservation of the DR-1 element suggests that the PPARγ:RXRα complex regulates CD36 gene expression in mouse macrophages by the same mechanism as in humans (36) . The AML1 site in the human gene is required for constitutive promoter activity in monocytes (24) and conservation of this sequence in the mouse promoter also suggests that it has a similar function in the mouse. The binding sites for the ubiquitous transcription factor NF1 (37) could also be important in regulation of CD36 gene expression.
The consensus octamer site in the mouse promoter is not conserved in the human promoter. This correlates with the fact that CD36 is expressed in mouse primary B cells but has not been reported in human primary B cells (21) . However, it is possible that CD36 is expressed in human B cells under some circumstances and that an Oct-2 binding site exists elsewhere in the human CD36 gene, as CD36 expression in human lymphoma cells has been reported (38) .
Oct-2-dependent transcription
The mouse CD36 gene was the first gene to be identified as an Oct-2 target gene (21) and our finding that the promoter contains a consensus octamer site provides a molecular explanation for the Oct-2-dependent expression of CD36 in B cells. In vitro, this octamer site can recruit either Oct-1 or Oct-2, but B cell-specific expression of CD36 in vivo is critically dependent upon Oct-2 (21; this study). Our analysis of the CD36 promoter activity demonstrated that octamer-dependent transcription requires the expression of Oct-2 and that the endogenous Oct-1 was insufficient.
OBF-1 is not required for CD36 transcription
Our investigation of OBF-1 in the regulation of CD36 gene expression showed that Oct-2 is unable to recruit OBF-1 to the CD36 octamer in vitro and that expression of CD36 in primary B cells from obf-1 -/-mice is unaffected. The regulation of CD36 transcription in B cells therefore appears to be dependent upon Oct-2 but not OBF-1, demonstrating that OBF-1 is not a prerequisite for transcriptional regulation by Oct-2. This is in contrast to the regulation of the blr1 gene whose promoter can be stimulated by OBF-1 and whose expression is >50% reduced in obf-1 -/-B cells (26) . The octamer sequence in the mouse blr1 gene is AAACAAAT and can presumably support Oct-2-dependent recruitment of OBF-1, although this has not been demonstrated. Other studies have shown that OBF-1 recruitment is dependent upon the presence of adenosine at position five in the octamer sequence (ATGCAAAT) and that mutation to a thymine (ATGCTAAT) prevents ternary complex formation (13, 14) . The CD36 octamer is of the type ATGCTAAT, suggesting that the presence of thymine at position 5 in the CD36 octamer discriminates between Oct-2 and an Oct factor/OBF-1 complex. It therefore appears that Oct-2 can specifically exclude OBF-1 from the regulation of some genes whilst actively recruiting it to regulate others, depending on the nature of the octamer. This is supported by a comparison of the phenotypes of the oct-2 -/-and obf-1 -/-mice, which both show severely reduced numbers of mature B cells and low levels of secondary antibody isotypes in serum. However, only B cells from the oct-2 -/-mice are unable to proliferate normally when stimulated with anti-IgM or T cell-independent mitogens. Therefore, these overlapping, yet distinct, phenotypes support the idea that Oct-2 regulates gene expression by OBF-1-dependent and -independent mechanisms.
A possible mechanism to evade Oct-1 regulation
Members of a given transcription factor family often possess identical or overlapping DNA-binding specificities. Therefore, a complete understanding of transcription factor function must address the question of how transcription factors with the same DNA-binding specificity target different genes within the same cell. We have investigated how a single gene can be specifically regulated by the transcription factor Oct-2 but escapes the control of Oct-1, which has an identical DNA-binding specificity. Oct-1 is a weak activator of mRNA genes and therefore requires the presence of a co-activator to achieve efficient transcriptional activation (reviewed in 2). The fact that Oct-1 requires an additional co-activator such as VP16 or OBF-1 to stimulate transcription from mRNA promoters (reviewed in 2) suggests that exclusion of OBF-1 from the CD36 promoter by use of the ATGCTAAT sequence renders the CD36 gene refractory to Oct-1 transcriptional activation.
In summary, our analysis of the mouse CD36 promoter has revealed that Oct-2 regulates the transcription of the CD36 gene by directly binding to an octamer site located in the promoter. The octamer sequence is of a type that excludes the recruitment of OBF-1 whilst maintaining high affinity Oct-2 binding, thus providing a possible mechanism to enable CD36 expression to evade Oct-1 regulation.
